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Abstract
The Chiral Perturbation Theory (CHPT) has been very successful in describing low-energy hadronic properties
in the non-perturbative regime of Quantum Chromodynamics. The results of ChPT, many of which are currently
under active experimental investigation, provide stringent predictions of many fundamental properties of hadrons,
including quantities such as electromagnetic polarizabilities. Yet, even for the simplest hadronic system, a pion, we
still have a broad spectrum of polarizability measurements (MARK II, VENUS, ALEPH, TPC/2g, CELLO, Belle,
Crystal Ball). The meson polarizability can be accessed through Compton scattering, so we can measure it through
Primakoﬀ reaction. This paper will provide an analysis of the CHPT predictions of the SU(3) meson electromagnetic
polarizabilities and outline their relationship to the Primakoﬀ cross section at the kinematics relevant to the planned
JLab experiments.
1. Theory and Experiment to Date
The study of hadronic structure with baryon-meson
degrees of freedom in the non-perturbative low energy
regime of QCD has proved to be rather successful with
applications of Chiral Perturbation Theory (CHPT) [1].
The role of CHPT in our understanding of hadron struc-
ture has very broad spectrum of goals, ranging from the
precise calculations of hadron formfactors to the stud-
ies of polarizabilities. Our attention goes to the polar-
izabilities, because their values clearly reﬂect dynam-
ical response of the mesons and baryons to the exter-
nal electromagnetic probe. To date our knowledge of
the polarizabilities is limited by the many experimen-
tal challenges, and only reliable information is available
for the proton’s electric and magnetic polarizabilities:
αp = (11.2± 0.4)10−4 fm3 and βp = (2.5± 0.4)10−4 fm3
[2]. That is explained by the fact that polarizabilities
are accessible through the real or some form of virtual
Compton scattering and only experiments involving sta-
ble and charged target particle, such as proton, have
suﬃcient statistical signiﬁcance. As a result, polariz-
ability of the neutron is less understood and plagued by
the large uncertainties: αn = (11.6 ± 1.5)10−4 fm3 and
βn = (3.7 ± 2.0)10−4 fm3 [2]. As for the simplest qq¯
state, such as meson (P), situation is even more com-
plicated due to the meson short lifetime 10−17 ∼ 10−8
sec. Up to now, only charged and neutral pion polariz-
abilities have been measured, producing broad range of
values [3, 4, 5]. In order to improve precision of charged
pion polarizability, at Jeﬀerson Laboratory, GlueX col-
laboration will measure polarizability through the Pri-
makoﬀ pion photo-production reaction. Calculations of
polarizabilities in CHPT also have been completed for
the pions up to order of O(p6) [6], and for kaons up to
order O(p4) in [7]. In this short paper we update calcu-
lations of the polarizabilities for SU(3) octet of mesons
using Computational Hadronic Model [8] with exten-
sion to lightest vector mesons. Moreover we produce
analysis of energy dependence of meson polarizabilities
and study their impact on the photon fusion cross sec-
tions σ(γγ → PP¯) relevant to the Primakoﬀ two-meson
photo-production process.
2. Meson Polarizability
Meson electric and magnetic polarizabilities are de-
termined from the Compton structure functions A(s, t)
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and B(s, t) arising in the Compton scattering: γ + P →
γ + P
α(s, t) = − 1
8πm
(
A(s, t) +
s − 3m2
t
B(s, t)
)
, and
β(s, t) =
1
8πm
(
A(s, t) +
s − m2
t
B(s, t)
)
. (1)
Polarizabilities represented in Eq.1 are energy depen-
dent and hence we will call them dynamical. In the
limit, then s → m2 and t → 0, we recover static val-
ues of the polarizabilities. Compton structure functions
from Eq.1 are related to the Compton tensor Mμν =
A(s, t)T (1)μν + B(s, t)T
(2)
μν , which enters Compton ampli-
tude (M = ′μνMμν) computable in CHM. Lorentz ten-
sors T (1,2)μν have the following simple structure:
T (1)μν = − t2gμν − k3,μk1,ν
T (2)μν =
1
2t
(s − m2π)(u − m2π)gμν + k2,μk2,ν+
s − m2π
t
k3,μk3,ν − u − m
2
π
t
k2,μk1,ν. (2)
In Eq.2, k{1,3} and k{2,4} are momenta of incom-
ing/outgoing photon and meson respectively. The s, t,
and u are the usual Mandelstam variables. Results for
the static electric and magnetic polarizabilities, pro-
duced with the help of CHM, can be found in [9]. Since
the experimental values of the polarizabilities are ex-
tracted from the photon fusion cross section σ(γγ →
ππ) (see [9]), it is more convenient to rotate Compton
scattering from t- to s-plane and use Eq.1 with crossing
symmetry s → t and t → s. In this case static values
of the polarizabilities are recovered from the following
limits: s→ 0 and t → −m2P. Using Eq.1 and neglecting
structure-dependent vector meson pole contribution, in
Fig.1, we show results reproduced by CHM for dynam-
ical electric polarizabilities of mesons (here, we have
used αP = −βP).
3. Photon Fusion Cross Section in Meson Photopro-
duction
In order to study impact of the polarizabilities on
σ(γγ → PP¯) cross section we recall the following ex-
pression [5, 10, 9]:
σγγ→¶P¯(| cos θ| < Z) = κ256πs2
∫ tb
ta
dt
(∣∣∣∣∣m2PBo − 8πsmPβ + 4πmP (α + β)st
∣∣∣∣∣
2
+
∣∣∣∣∣Bo + 4πsmP (α + β)
∣∣∣∣∣
2 (m4P − tu)2
s2
)
, (3)
Here
Bo = 16πα f
s
(t − m2P)(u − m2P)
|q|,
tb,a = m2P −
1
2
s ± sZ
2
β(s),
and |q| stands for the charge of meson, β(s) =
√
s−4m2P
s is
the center of mass velocity of produced pair of mesons.
Parameter κ = 1 or 2 for the case of a neutral or charged
meson, respectively. Substituting polarizabilities from
Eq.1 to Eq.3, we show dependencies for the σ(γγ →
PP¯) cross section on invariant mass of the produced pair
of mesons in Fig.2.
4. Analysis and Conclusion
First, it is quite noticeable that all meson polariz-
abilities on the Fig.1 have rather strong energy depen-
dence. Unlike baryon dynamic polarizabilities [13, 14],
SU(3) meson electric and magnetic polarizabilities ex-
hibit strong excitation mechanism in the low energy do-
main and have similar slopes. At the region of the pion
production peak, electric polarizability has the same res-
onance type shape for all SU(3) mesons. Same could
be said for the magnetic polarizability. At the order
of O(p4) of CHPT, condition αP(s, t) = −βP(s, t) arises
from the fact that Compton structure function B(s, t) is
close to zero, and only ﬁrst signiﬁcant non-zero con-
tribution to B(s, t) is derived from two-loop O(p6) cal-
culations. For the charged pion, O(p6) calculations
have been carried out in [6] and it was shown that
two-loop calculations have strong impact on π+ mag-
netic polarizability. It would be important to see the
O(p6) type of calculations for the polarizabilities com-
pleted for the rest of SU(3) mesons and the analysis
of their dynamical behavior is carried out. As for the
σγγ→PP¯(| cos θ| < 0.6) (nb) cross sections, shown on the
Fig.2, it is clear that changes in the charged pion polar-
izability from its static to the dynamic value has only
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Figure 1: Energy dependencies of meson polarizabilities. The vertical axis on all graphs represent electric polarizability in units of 10−4 fm3.
Horizontal axis shows center of mass energy squared (s) in GeV2. Dashed (red) and dot-dashed (green) lines show Re[αP(s, t → −m2P] and
Im[αP(s, t → −m2P] respectively.
Figure 2: The σ(γγ → PP¯) cross section dependency on the invariant mass of produced mesons. The vertical axis shows σγγ→PP¯(| cos θ| < 0.6) (nb)
and horizontal axis represents invariant mass of PP¯ pair in GeV. The dotted and red graph represent Born contribution. Dot-dashed and blue graphs
show cross section for the static polarizabilities used in the Eq.3. The dashed and green graphs show results for the cross section produced with
dynamic polarizabilities from Eq.1. For the charged pion polarizability data are taken from MARK-II [11] and for neutral pion polarizability from
[12].
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small impact on σγγ→π+π− cross section (lower left plot
on Fig.2). This should certainly provide some degree of
model-independence when it comes to extraction of the
charged pion polarizabilities from Primakoﬀ cross sec-
tion. For the rest of mesons, cross-sections are very sen-
sitive to the variations in the polarizability. For exam-
ple, if we take cross section σγγ→K+K− calculated with
polarizability taken as static value (dot-dashed and blue
graph on the lower right part of Fig.2) and compare it to
the cross section computed with dynamic polarizabil-
ity (dashed and green graph on the lower right part of
Fig.2), we can see that diﬀerence is quite large for the
entire region of K+K− invariant masses. For the neutral
mesons static polarizabilities are close or equal to zero
(αK0 = 0) and hence diﬀerence in cross sections is even
more dramatic (we even do not show cross sections for
the neutral mesons computed with the static polarizabil-
ities because their values are close to zero). In general,
we observe very large sensitivity of the σγγ→PP¯ cross
sections (except for the charged pion) to the variations
in the meson polarizability. Obviously, meson polariz-
ability calculated in the diﬀerent models will be strongly
reﬂected in the diﬀerent shapes of the σγγ→PP¯ cross sec-
tion. Essential interest goes to the charged kaon polar-
izability. Here, we have second largest (after charged
pion) photo-production cross section and its shape is
strongly correlated to the model in which polarizability
was calculated. It would be rather important to measure
energy dependence of γγ → K+K− cross section and
extract charged kaon polarizability. This in turn should
shed some light on the eﬀective models we are currently
using in the low energy QCD.
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